The title compound, [Pb(C 7 H 4 FO 2 ){CS(NH 2 ) 2 } 2 ] + (C 7 H 4 FO 2 ) − ·H 2 O, exhibits a polymeric structure in which the repeating units involves both thiourea and one 2-fluorobenzoate ligands. The Pb atom forms an eight-coordinate system involving four O atoms from three 2-fluorobenzoate ligands and four S atoms from four thiourea ligands. The Pb-O bond distances vary from 2.424 (4) to 3.414 (4) Å, while the Pb-S bond distances are in the range 2.862 (2)-3.241 (2) Å. The structure has many hydrogen bonds including three-centered ones which involve the C-F bond.
(Jai-nhuknan, Karipides, Hughes & Cantrell, 1997) and adeninium-2-fluorobenzoate monohydrate salt (Jai-nhuknan, .
The two 2-fluorobenzoate ions are called arbitrarily rings A and B as indicated by the atom labels. Ring A is coordinated to the Pb atom, while ring B is located far away from the coordination sphere of the Pb atom. Pb II , [Xe]4f 14 5 d 10 6 s 2 6p 0 , forms an eight-coordinate ionic complex with ring A of 2-fluorobenzoate from three different molecules and four thiourea ligands. The Pb-S bond lengths are in the rangef 2.862 (2)-3.241 (2) Å. There are two sets of Pb-O bond distances. The Pb-O1A and Pb-O2A bonds are short: 2.562 (4) and 2.424 (4) Å, respectively. The P-O bond are longer for Pb-O1A ii [3.404 (4) Å] and Pb-O2A i [3.414 (4) Å] [symmetry codes: (i) 1 − x,2 − y,2 − z; (ii) 2 − x,2 − y,2 − z; (iii) x,1 + y,z; (iv) 2 −
x,1 − y,2 − z; (v) 1 − x,1 − y,2 − z; (vi) x,y − 1,z]. These long Pb-O bonds are significant, however, as each contributes 0.06 valence units to the Pb atom, as calculated based on the method of Brown (1981) . An example of similar polyhedral distortion is found in the crystal structure of Pb II and the syn-isomer of methyl-1,4,8,11-tetraazacyclotetradecane-6,13-diamine, with a water molecule and a perchlorate ion being additional ligands where the Pb-O distances are 3.098 (6), 3.240 (1) and 3.298 (9) Å. (Lye et al., 1994) In the present structure, ring B of the 2-fluorobenzoate ions is not coordinated to the Pb atom and becomes a counterion, possibly due to steric hindrance around the Pb atom.
The complex forms a single-stranded polymeric structure connected through the S atoms of the thiourea ligands. The two thiourea and one 2-fluorobenzoate ligand are the repeating units. This is similar, for example, to lead(II) thiourea acetate (Nardelli et al., 1960) which is also a polymeric coordination system. Interestingly, however, in the crystal structure of bis(thiourea)lead(II) formate monohydrate (Goldberg & Herbstein, 1973) , the bridging ligands are the O atoms of the formate ions instead of the S atoms of the thiourea molecules, and this structure is a finite complex rather than a polymeric structure.
The symmetry codes used in the following discussion of hydrogen-bonding interactions are given above. There are 12 hydrogen bonds in the structure. The H atoms involved in these hydrogen bonds were found in the difference-Fourier map and were not refined. The geometry of the hydrogen bonds is derived without normalizing the X-H bonds and are tabulated in Table 3 . The angles of two-centered hydrogen bond are greater than 145°, and the D···A distance is no larger than 2.98 Å. Three three-centered hydrogen bonds are also observed, involving the H atoms H31, H12 and H42. A system that contains two hydrogen-bond acceptors and one hydrogen-bond donor is considered a three-centered hydrogen-bonding system when the hydrogen-bond angles, X-H···A, of the two acceptor are larger than 90° and the sum of the angles around the H atom (two hydrogen-bond angles and the angle between the two acceptors, A1···H···A2) is close to 360° indicating the planarity of the interaction. In a three-centered hydrogen-bonding system, the distances between the donor and acceptors may be considerably larger than what is found in a two-centered hydrogen bonding system. This is because the interaction in the former system is due to two interacting groups; to achieve the same overall interaction energy, the acceptors in a three-centered system can be further away from the donor compared to a two-centered hydrogen-bonding system.
While the hydrogen-bond geometry is given in Table 3 , the angles between the two acceptors are the following: F2A i ···H31···O2A i 72.5 (4), F2B···H12···O1B 69.0 (4) and O1B iii ···H42···O2B iii 53.7 (4)°. The sum of the angles around the H atom in each hydrogen-bonding system is the following: H31 353.0, H12 359.8 and H42 343.2°. The fact that the angle O1B iii ···H42···O2B iii is small, 53.7°, and the sum of the angles around H42 is far less than 360° may be caused by the geometry of the carbonyl group of ring B. It is evident that the C-F bonds in both 2-fluorobenzoate ions are involved in the three-centered hydrogen bonds with either an NH 2 or H 2 O group as the hydrogen-bond donor and carboxyl oxygen as the other acceptor. In addition, O1B is bonded to several donors: H21, H12, H2 iv and also to H42 vi . The results from this study clearly suggest that a C-F bond is a potential hydrogen-bond acceptor.
Experimental
The title compound was produced by the following reaction:
An aqueous solution of 2-fluorobenzoic acid and thiourea was prepared by adding 0.001 mol of each compound to 25 ml distilled water. The solution was stirred while gently heated. The resulting solution (0.04 M of each compound) was added to 25 ml of 0.02 M PbCO 3 (aq). The resulting mixture was filtered by reduced-pressure filtration, covered and allowed to stand to promote crystal growth.
Refinement
The maximum residual peak of 1.3 e Å −3 in the final difference Fourier map lies 0.860 (4)Å from the Pb atom.
Computing details
Data collection: CAD-4 Software (Enraf-Nonius, 1989); cell refinement: CAD-4 Software; data reduction: SDP/PDP (Enraf-Nonius, 1985); program(s) used to solve structure: SHELXS86 (Sheldrick, 1990) ; program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993) ; molecular graphics: XPMA and ZORTEP (Zsolnai & Huttner, 1994) , and ORTEPIII (Burnett & Johnson, 1996) . (2) (4) Pb-S1 2.862 (2) S1-C1 1.729 (5) Pb-S2 i 2.9859 (15) C1-N2 1.306 (7) Pb-S2 2.9871 (15) C1-N1 1.314 (7) Pb-S1 ii 3.241 (2) S2-Pb i 2.9859 (15) O2A-Pb-O1A 52.17 (12) S1-Pb-S2 145.88 (4) O2A-Pb-S1 81.00 (10) S2 i -Pb-S2 102.58 (3) O1A-Pb-S1 70.47 (9) O2A-Pb-S1 ii 123.46 (9) O2A-Pb-S2 i 77.87 (9) O1A-Pb-S1 ii 76.72 (9) O1A-Pb-S2 i 126.83 (9) S1-Pb-S1 ii 105.50 (3) S1-Pb-S2 i 86.55 (4) S2 i -Pb-S1 ii 156.40 (4) O2A-Pb-S2 69.26 (9) S2-Pb-S1 ii 78.98 (4) O1A-Pb-S2 78.05 ( Refinement. Refinement on F 2 for ALL reflections except for 0 with very negative F 2 or flagged by the user for potential systematic errors. Weighted R-factors wR and all goodnesses of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The observed criterion of F 2 > 2sigma(F 2 ) is used only for calculating Refine_ls_R_factor_obs etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and Rfactors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Pb 0.74721 (3) 0.98569 (2) 0.99037 (2) 0.04491 (9) S1 0.9929 (2) 0.83631 (11) (2) 0.03228 (12) −0.00367 (9) 0.00917 (8) 0.00922 (9) S1 0.0421 (7) 0.0368 (7) 0.0321 (6) −0.0002 (5) 0.0101 (5) 0.0081 (6) 
Geometric parameters (Å, °)
O1A-C7A-C1A 119.3 (5) C4B-C3B-C2B 118.5 (9) O2A-C7A-C1A 119.6 (5) C3B-C4B-C5B 122.7 (8) C2A-C1A-C6A 116.0 (5) C4B-C5B-C6B 119.3 (8) C2A-C1A-C7A 124.7 (5) C1B-C6B-C5B 119.0 (8) C6A-C1A-C7A 119.3 (5) Symmetry codes: (i) −x+1, −y+2, −z+2; (ii) −x+2, −y+2, −z+2.
Hydrogen-bond geometry (Å, °) (7) 165.5
Symmetry codes: (i) −x+1, −y+2, −z+2; (ii) −x+2, −y+2, −z+2; (iii) x, y+1, z; (iv) −x+2, −y+1, −z+2; (v) −x+1, −y+1, −z+2.
